ABSTRACT. With crosses between colchicine-induced tetraploid shashanbo (Vaccinium bracteatum section Bracteata) and tetraploid highbush blueberry 'Spartan' (Vaccinium corymbosum section Cyanococcus), intersectional hybrids were produced. The hybridity of these plants was confirmed based on DNA markers and morphological characteristics. The morphological characteristics, blooming date, and ripening period of the hybrids were intermediate between those of the parents. Ploidy analyses by flow cytometry and chromosome counting revealed that these hybrids were tetraploid. Four hybrids set fruit in the field and these two hybrids showed high pollen stainability. It was noteworthy that fruit of two hybrids had high soluble solids concentration compared with 'Spartan' and the fruit pulp of the hybrids was tinged with red as shashanbo. These hybrids could be useful in breeding new cultivars with high sugar content, abundant phytochemicals, extensive environmental adaptability as well as late flowering and fruit maturity.
In Japan, 19 native species of the genus Vaccinium are distributed from Hokkaido to the Kyushu region (Yamazaki, 1989) . The diploid evergreen shrub shashanbo is distributed from the east to the west of Japan, and its edible berries are commonly harvested and processed for local foods (Atkinson et al., 1995; Hirai et al., 2010; Iwagaki et al., 1977) . Shashanbo blooms from May to June and produces numerous small, dark blue berries that ripen from September to December. This shrub species is of interest to blueberry (Vaccinium sp.) breeders for several reasons; for example, it has a wide and deep root system, which makes the plants drought-tolerant, and it can grow well in higher pH soils compared with other species in the section Cyanococcus (Karizumi, 1979; Kunitake et al., 2006; Luby et al., 1991) . However, cultivated highbush blueberry requires acidic soil and has shallow, fibrous roots that require continuous moisture in the top 1 m of soil (Lyrene, 2011) . Therefore, shashanbo might be used as a good germplasm source to breed highbush blueberry in that they are more adaptable in a broad range of environmental conditions. However, there have been no reports on the hybridization of blueberry with shashanbo.
Intersectional crosses have successfully produced several hybrids in Vaccinium (Ballington, 1980 (Ballington, , 2001 Darrow and Camp, 1945; Lyrene, 2011; Rousi, 1963) , but our previous attempts to cross diploid shashanbo with tetraploid highbush blueberry cultivars have not been successful (H. Tsuda, unpublished data). The failure might be attributable in part to the triploid block, which is strong in Vaccinium (Darrow et al., 1944) along with other genetic crossing barriers between the sections Bracteata and Cyanococcus. In attempting to cross section Cyanococcus with species of other sections, blueberry breeders typically have used plants with the same chromosome numbers to avoid the ploidylevel barrier in addition to other genetic barriers, which might separate the sections (Lyrene and Ballington, 1986) . The hybridization barrier imposed by differences in the ploidy level in blueberry has been overcome by using clones that produce substantial numbers of 2n gametes and colchicine-induced polyploids (Lyrene, 2011) . In our previous study, we have succeeded to obtain several tetraploid shashanbo plants by colchicine treatment (H. Tsuda, unpublished data) .
The objectives of the present study were as follows: 1) to produce intersectional hybrids from the crosses between colchicine-induced tetraploid shashanbo and highbush blueberry 'Spartan'; 2) to confirm the hybridity and ploidy level of putative hybrids using morphological observation, molecular markers, flow cytometry, and chromosome counts; and 3) to compare plant morphological characteristics and pollen stainability of these plants and their parents.
Materials and Methods
PLANT MATERIALS. The seeds collected from wild-type shashanbo at Yame city, Fukuoka prefecture, Japan, were sterilized with sodium hypochlorite solution of 2% available chlorine for 7 min, sowed on MW medium [a mixture of equal parts of MS (Murashige and Skoog, 1962) and WPM (Lloyd and McCown, 1980) ] (Tetsumura et al., 2008) supplemented with 0.05% colchicine but without plant growth regulators in 100-mL Erlenmeyer flask. Twenty days later, the seeds were transferred onto the MW medium without colchicine and for promoting the growth. One month after acclimatization, colchicine-induced tetraploid shashanbo (VB4x-1 and VB4x-2) were selected by flow cytometry, chromosome counting, and morphological characteristics and then were cultivated in the greenhouse (H. Tsuda, unpublished data). In early June 2009, 89 flowers of VB4x-1 and 14 flowers of VB4x-2 were hand-pollinated with the pollen of tetraploid highbush blueberry 'Spartan'. Thirty-four fruit [29 fruit (VB4x-1), five fruit (VB4x-2)] from pollinated flowers were harvested at maturity in Nov. 2009 and 104 developed seeds [81 seeds (VB4x-1), 23 seeds (VB4x-2)] were collected from all fruit harvested. The seeds were placed on moistened peatmoss and kept at room temperature. After germination, the seedlings were transplanted onto peatmoss in pots and grown in a greenhouse at Kibana Agriculture Science Station of the University of Miyazaki, Miyazaki, Japan. We selected five deciduous seedlings (JM1 to JM5) in 2010, and they were grafted onto rootstock of rabbiteye blueberry 'Homebell' (Vaccinium virgatum) in Jan. 2011 to promote the growth of plants. Seed parents of JM1 to JM4 were VB4x-1, whereas VB4x-2 was used as a seed parent for JM5. Analysis and observation of these five putative hybrids except for primary growth observations were conducted 1 to 2 years after grafting.
MORPHOLOGICAL CHARACTERISTICS. We investigated the morphological characteristics of the five putative hybrids and their parents. In early Oct. 2011, the leaf length, leaf width, and leaf weight of fully expanded leaves were measured. Furthermore, glandular protuberances on the midrib of the undersurface of the leaf were confirmed. In late Dec. 2011, the leaf color was determined on the surface of fully mature symptomless leaves using a spectrophotometer (NF333; Nippon Denshoku, Tokyo, Japan) calibrated with a white standard tile. Leaves were collected and measured at the peak of the browning period of 'Spartan' when the leaf color showed the brightest red. The flowers of putative hybrids (JM1, JM3, JM4, and JM5) bloomed 2 years after grafting. In Apr. to May 2012, we measured the morphological characteristics of flowers in full bloom (corolla length, corolla width, shape index of corolla, corolla aperture, pedicel length, style length, and number of florets). Fruit characteristics (fruit weight, fruit diameter, fruit height, shape index, soluble solids concentration, seed number, and color of peel) were observed during the maturation period in 2012. At least 10 leaves, flowers, and fruit were collected from each putative hybrid and their parents and were used for observation of morphological characteristics. Flowers of putative hybrids were pollinated with pollen from highbush blueberry cultivars for fruit observations. MOLECULAR MARKER ANALYSES. Total DNA was extracted from young leaves of each plant following the method described by Doyle and Doyle (1987) . The total DNA was used for analyses of nuclear and cytoplasmic DNA, including random amplified polymorphic DNA (RAPD) and cleaved amplified polymorphic sequence (CAPS) analyses.
RAPD analysis of nuclear DNA was performed by the method of Williams et al. (1990) with modifications. Polymerase chain reaction (PCR) was carried out with 40 Operon random 10-mer primers (OPA1-OPA20 and OPH1-OPH20) (Operon Technologies, Alameda, CA) using the My Cycler TM Thermal Cycler (BioRad Laboratories, Hercules, CA). The reaction products were electrophoresed on 1.0% agarose gels containing 0.1 mgÁmL -1 ethidium bromide (IBI Scientific, Peosta, IA) and subsequently photographed under ultraviolet light (360 nm). For each combination of sample and primers, PCR was carried out twice, and only stable polymorphisms were analyzed.
CAPS analysis was performed for several chloroplast (cp) and mitochondrial (mt) non-coding regions. For cpDNA analysis, one primer pair of trnK-3914F-trnK-2R was used for amplification following the methods of Cheng et al. (2002) and Ureshino and Miyajima (2002) . For mtDNA analysis, three primer pairs of 18SrRNA-5SrRNA, nad4exon1-nad4exon2, and nad5/1-nad5/2r were used for amplification following the methods of Cheng et al. (2002) and Dumolin-Lapegue et al. (1997) . The PCR products were digested with several restriction endonucleases and then electrophoresed under the same protocol as that used in our RAPD analysis.
CONFIRMATION OF PLOIDY LEVEL. Immature leaves were collected from each of the seedlings and their parents for flow cytometry. Leaf segments of %1 cm 2 were chopped with a razor blade and treated for 5 min with 1 mL buffer solution containing 10 mgÁL -1 RNase (Sigma, St. Louis, MO), 1.0% (v/v) Triton X-100 (Nacalai Tesque, Kyoto, Japan), 5.0% (v/v) polyvinylpyrrolidone (PVP10; Sigma), 50 mM Na 2 SO 3 , and 50 mM TrisHCl at pH 7.5 according to the preparation method of Yahata et al. (2005) with some modification. Samples were filtered using a 20-mm filter (Cell Trics; Partec, Münster, Germany) and stained with 25 mgÁL -1 propidium iodide. The relative fluorescence of the total DNA was measured for each nucleus using a flow cytometry system (Cell Laboratory Quanta TM SC MPL System; Beckman Coulter, Fullerton, CA) equipped with a 488-nm solid-state laser. Nuclei of Citrus 'Tahiti Lime' (1.17 pg/2C) were used as an internal standard (Ollitraut et al., 1994) . The relative nuclear DNA content of each sample was measured three times for statistical analysis (Tukey's multiple range test).
For chromosome observation, shoot tips (%3 to 5 mm long) were excised from the plants, immersed in 2 mM 8-hydroxyquinoline for 2 h at 25°C, and fixed in a mixed solution of ethanol and acetic acid (3:1) for 20 min at 25°C. Enzymatic maceration and air-drying were performed according to the method of Fukui (1996) with some modifications. The chromosome were stained with 2.0% Giemsa solution (Merck, Darmstadt, Germany) in 1/30 M phosphate buffer (pH 6.8) and observed under an optical microscope (BX51; Olympus Optical, Tokyo, Japan) at 400· magnification.
POLLEN STAINABILITY AND MORPHOLOGY. The pollen of putative hybrids and their parents was collected from the plants and stored at -40°C until it was used for experiments. Pollen stainability was estimated using dry pollen moistened with acetocarmine solution (Nacalai Tesque). Each slide was prepared using pollen from two to three flowers. At least 200 pollen grains were examined in three replicates of the analysis. The pollen stainabiblity was determined as the ratio of well-filled, evenly stained pollen grains to total pollen grains examined under a microscope (BX51) at 200· magnification.
Results
Sixty-six seedlings were obtained from the crosses between colchicineinduced tetraploid shashanbo and highbush blueberry 'Spartan'. Most of these seedlings grew vigorously, and the height of plants reached %30 cm at 1 year after sowing. These hybrids were separated into evergreen or deciduous plants. We compared the morphological characteristics of the five putative hybrids with those of the parents. In the greenhouse, all putative hybrids were highly vigorous with numerous shoots, whereas current shoots of shashanbo and the putative hybrids were tinged with red and those of 'Spartan' were light green. The bark surface on older wood of the putative hybrids was smoother than that of 'Spartan', and the color and patterning were similar to those of shashanbo. The leaf characteristics of the putative hybrids were in some cases similar to those of either parent or intermediate between the two parents in other cases (Table 1 ; Fig. 1 ). The leaf length and leaf width of the putative hybrids were intermediate between those of the parents, whereas the leaf weight per unit area of the putative hybrids (4.3 to 5.4 mgÁcm -2 ) was significantly lighter than that of shashanbo (8.4 or 9.0 mgÁcm -2 ). Parents 'Spartan' had entire leaves and shashanbo had clear serration, whereas the putative hybrids had serrate leaves but the leaves had smooth edges compared with shashanbo leaves. Shashanbo has glandular protuberances on the midrib of the undersurface of the leaf. The putative hybrids had the same type of midrib as that of shashanbo, but the midrib of 'Spartan' lacked glandular protuberances. At the peak of the browning period of 'Spartan', we observed the leaf color of the putative hybrids. Although the leaf colors of the putative hybrids were highly variable, ranging from brown-green to dark red, shashanbo maintained its green color. The a* (green-red) values of the leaf surface as determined by the spectrophotometer showed significant differences among the three taxa ('Spartan', putative hybrids, and shashanbo) ( Table 1) . 'Spartan' plants dropped all of their leaves in winter. On the other hand, the leaf colors of putative hybrids changed to red in winter and the putative hybrids shed their leaves completely from winter to early spring. Although the flowering of shashanbo started in early June, 'Spartan' began to bloom in early April. The putative hybrids began to bloom at the end of April or the beginning of May, which is approximately halfway between the bloom dates of their parents (data not shown). Only JM2 did not bloom among the five putative hybrids in 2012. Although the corollas of the Seed parents of JM1 to JM4 were VB4x-1, whereas VB4x-2 was used as a seed parent for JM5. y Different letters represents significant differences in Tukey's multiple range test, 1% level.
x Leaf color was detected by spectrophotometer at the browning period of 'Spartan' (27 Dec. 2011); L* = lightness-darkness parameter, a* = redgreen parameter, b* = blue-yellow parameter. Seed parents of JM1, JM3, and JM4 were VB4x-1, whereas VB4x-2 was used as a seed parent for JM5. y Different letters represent significant differences in Tukey's multiple range test, 5% level. Seed parents of JM1, JM3, and JM4 were VB4x-1, whereas VB4x-2 was used as a seed parent for JM5. y Different letters represent significant differences in Tukey's multiple range test, 1% level.
x The fruit of VB4x-2 was not investigated because of poor fruit set.
w Peel color was detected by spectrophotometer at the harvest time; L* = lightness-darkness parameter, a* = red-green parameter, b* = blueyellow parameter. putative hybrids were significantly larger than that of shashanbo, the size varied among the plants (Table 2) . Length of pedicels varied among the putative hybrids, and these were significantly longer than those of shashanbo. Shashanbo and the putative hybrids had pubescence on their petals, receptacles, and pedicels, but 'Spartan' had no pubescence. Bracts were found on the inflorescences of shashanbo and some of the putative hybrids examined (Fig. 2) , whereas none of the 'Spartan' inflorescences had bracts.
Although the fruit maturation of 'Spartan' started in early June, shashanbo fruit began to mature in October. In 2012, the putative hybrids began to mature from the middle of July to September, which is approximately halfway between the maturing dates of their parents (data not shown). In addition, the maturing period of the putative hybrids overlapped partially with the end of the ripening period of rabbiteye blueberry in our region. Although the fruit weights of hybrids (0.9 to 1.7 g) were less than half that of 'Spartan' (3.5 g), soluble solids concentration of JM1 (15.8%) and JM4 (15.4%) was significantly higher than that of 'Spartan' (11.7%) ( Table 3 ). The number of developed and undeveloped seeds obtained in the fruit of all hybrids was intermediate between parents (Table 3) . Brightness (L*) of the peel as determined by the spectrophotometer showed significant differences between the putative hybrids and 'Spartan' (Table 3) . It is noteworthy that the pulp of hybrids was tinged with red as the pulp of shashanbo (Fig. 3) . We observed two distinctive types of inflorescence coexisted on one plant in the intersectional hybrid JM1. Inflorescence type exhibited with a large bract (or small leaf), whereas the other type had a small or no bract (Fig. 2) .
To confirm the hybridity of these plants, we carried out RAPD analysis on the five putative hybrids and both parents. Polymorphic banding patterns were obtained with six (JM1), five (JM2), four (JM3), two (JM4), and six (JM5) of 40 random primer pairs used for the experiment. As shown in Figure 4A , all plants yielded bands specific to both parents, thus confirming the hybridity of these plants. CAPS analysis of the cytoplasmic DNA regions was then performed to examine their normal maternal inheritance. Although every primer pair amplified the bands satisfactorily, none revealed any polymorphism on the agarose gels. When the PCR products were digested with 19 (cpDNA) and 22 (mtDNA) restriction endonucleases, cpDNA polymorphism was observed in the primer/enzyme combination of trnK-3914F-trnK-2R/Xba (Fig. 4B) , and mtDNA polymorphism was observed in the primer/enzyme combination of nad4exon1-nad4exon2/Xba (Fig. 4C) . In the present study, all plants had uniform bands that were identical to those of the seed parents, indicating that their cytoplasmic DNA was of maternal origin.
The putative hybrids were analyzed for ploidy levels using a flow cytometer (Table 4) . In this analysis, both parents and all seedlings showed tetraploid peaks. The nuclear DNA contents of the putative hybrids [JM1 to JM4 (1.20 to 1.27 pg/2C)] from crosses between VB4x-1 (1.30 pg/2C) and 'Spartan' (1.19 pg/ 2C) were intermediate between those of the parents. In contrast, those of JM5 (1.21 pg/2C) that were obtained from VB4x-2 (1.11 pg/2C) as a seed parent were not significantly different from those of the parents. Furthermore, the chromosome counts of the shoot tips revealed that all of the putative hybrids had 48 chromosomes (Fig. 5) .
Four putative hybrids (JM1, JM3, JM4, and JM5) and their parents were examined for pollen stainability. The pollen stainability rates of JM3, JM5, and VB4x-2 were low (29.8%, 18.3%, and 29.5%, respectively), and those of JM1 and JM4 were high (57.4% and 61.3%, respectively) (Table 5) . Likewise, VB4x-1 and 'Spartan' showed pollen stainability of 54.0% and 74.0%, respectively. The putative hybrids that had low stainability, JM3 and JM5, had shriveled pollen with abnormal shapes that failed to stain with acetocarmine.
Discussion
This is the first report of the successful production of hybrids between native species of genus Vaccinium to Japan and a blueberry cultivar. In this study, the crosses between the tetraploid colchicine-induced shashanbo and the tetraploid highbush blueberry 'Spartan' produced tetraploid hybrids. Within Vaccinium section Cyanococcus, colchicine-induced tetraploid plants can be readily crossed with other species of the same ploidy level (Chavez and Lyrene, 2009 ). When diploid Vaccinium elliottii was crossed as a pollen parent with tetraploid cultivars of southern highbush blueberry, 0.01 seedlings per pollinated flower were obtained, whereas 3.86 seedlings per pollinated flower were obtained when autotetraploid V. elliottii FL519 was used as a pollen parent (Dweikat and Lyrene, 1991) . Lyrene (2011) and Lyrene and Olmstead (2012) also produced intersectional hybrids by crossing tetraploids. Successful production of intersectional hybrids in the present study can also be attributed to the use of the same ploidy level parents in the cross.
Among the 66 seedlings obtained from the present intersectional crosses, we observed the genetic characters of five putative hybrid plants. Both ploidy analysis using flow cytometry and chromosome counting revealed that they were tetraploid. Flow cytometric analysis of the remaining 61 seedlings revealed that they were also tetraploid (data not shown). Because these 61 seedlings were grown without grafting, most of them have not yet reached the flowering stage. The plant architecture and leaf morphology of these 61 evergreen seedlings were similar to those of shashanbo and so far only three flowers bloomed that closely resembled those of shashanbo. Thus, it is possible that these tetraploid seedlings were derived from self-pollination based on the morphological characteristic. Therefore, further investigation is necessary to determine their hybridity.
The morphological characteristics of the hybrids were intermediate between those of evergreen shrub shashanbo and deciduous highbush blueberry 'Spartan'. Hybrids started to bloom after the end of the flowering period of 'Spartan'. Similar to the late flowering of Vavvinium arboreum (section Batodendron) (Chavez and Lyrene, 2010) , the late flowering of our hybrids could prevent crop loss as a result of late freeze that affects currently cultivated blueberry. Lyrene (1997) found that for genotype MIK (Vaccinium darrowi · V. arboreum) and southern highbush blueberry cultivars, the time of ripening ranged from as early as that of the earliest southern highbush blueberry cultivar to later than that of the latest rabbiteye blueberry cultivar. Ripening periods of hybrids were later than that of highbush blueberry 'Spartan', which was approximately the same ripening period as that of late cultivars of rabbiteye blueberry in the southern part of Japan. One of the serious problems with blueberry culture in Japan is that the ripening period of the main highbush blueberry cultivars coincides with the rainy season (June and July), making it very difficult to produce high-quality fruit (Tamada, 1996) . Consequently, hybrids that ripen after the conclusion of the rainy season are important genetic resources. The fall production of blueberries using hybrids created in this study and subsequent generations could extend the harvest season and allow off-season fruit production during periods of high market prices.
Recently, breeding programs have focused on fruit quality, especially improving nutritional value and obtaining cultivars with enhanced levels of bioactive substances (Scalzo et al., 2005; Wang et al., 2012) . The high antioxidant activities in fruit are largely attributed to phenolic compounds such as anthocyanins and other flavonoid compounds (Wang et al., 2012) . Anthocyanins are present in both the peel and pulp of bileberry (Vaccinium myrtillus) but mainly in the peel of blueberry (Lee and Wrolstad, 2004; Ribera et al., 2010; Riihinen et al., 2008) and the content of anthocyanins is lower in blueberry than in bilberry on a flesh weight basis (Riihinen et al., 2008) . One way to increase the antioxidant activity of blueberries is to develop commercial types that have these compounds in the pulp. In this study, the pulp of hybrids was tinged with red as is the case in shashanbo parental types. Although the fruit weight of hybrids was less than half that of the fruit of 'Spartan', soluble solids concentration of two hybrids was higher than that of 'Spartan'. The hybrids of the present research are expected to become breeding materials for new cultivars with higher sugar content and more abundant functional components than those of existing blueberry cultivars.
In addition to the overall intermediate characteristics in morphological and physiological traits of the putative hybrids, the results of RAPD analysis proved that the seedlings obtained in this study were hybrids. In the majority of angiosperms, nuclear DNA is inherited biparentally, and cpDNA is inherited maternally (Tsukaya et al., 2003; Yang et al., 2000) . However, in the family Ericaceae, biparental inheritance of cytoplasmic DNA was reported (Ureshino, 2008) . Therefore, in the present study, heredity of the cytoplasm in the hybrids was investigated. The results of CAPS analysis indicated that the cytoplasmic DNA of the intersectional hybrids was of maternal origin. This result agreed with findings of Haghighi and Hancock (1992) that the mtDNA of interspecific hybrids obtained from the cross between V. darrowii and V. corymbosum was of maternal origin.
Variation of pollen stainability was found in the intersectional hybrids in this study and this is consistent with other studies. Chavez and Lyrene (2010) found pollen stainability of intersectional hybrids was much lower (5.8%) than those of parents V. darrowii (95.8%) and V. arboreum (92.2%) and Brooks and Lyrene (1998) also found that pollen stainability of F 1 (V. darrowi · V. arboreum) hybrids averaged only 0.9%. Low pollen fertility of these intersectional hybrids was the result of the infrequency of normal bivalent pairing between the two chromosome sets and numerous meiotic abnormalities from Seed parents of JM1 to JM4 were VB4x-1, whereas VB4x-2 was used as a seed parent for JM5. y Different letters represent significant differences in Tukey's multiple range test, 5% level.
chromosome structural differentiation between the two sections of the genus Lyrene, 1995, 1998; Chavez and Lyrene, 2010; Lyrene, 1991) . Although intersectional diploid hybrids in Vaccinium are normally sterile, intersectional tetraploid hybrids produced by the cross between autotetraploid species of Vaccinium can be fertile, presumably as a result of autosyndetic chromosome pairing (Lyrene and Olmstead, 2012) and Rousi (1963) produced fertile hybrids between tetraploid V. uliginosum (section Vaccinium) and tetraploid V. corymbosum. Furthermore, the crosses of colchicine-induced tetraploid V. arboreum with tetraploid highbush blueberry cultivars and with tetraploid V. myrsinites (section Cyanococcus) produced vigorous and fertile tetraploid hybrids (Lyrene and Olmstead, 2012) . Lyrene et al. (2003) reported that the surprisingly high fertility of F 1 hybrids between tetraploid V. corymbosum and tetraploid V. uliginosum (Rousi, 1966 ) is most easily understood if both parental species are autopolyploid and chromosome pairing in the allopolyploid F 1 is from autosyndesis. We obtained hybrids by the crosses of parents with autopolyploidy, and they may behave as amphidiploids might become amphidiploidy, because the fertility of hybrids was high. In addition, Lyrene (2011) and Rousi (1963) reported the difference of pollen fertility among the strains in the intersectional tetraploid hybrids. This variability of pollen fertility was also indicated in our hybrids, and several hybrids had high fertility that could be easily backcrossed to highbush blueberry cultivars to obtain the next generations.
In conclusion, we succeeded in crossing section Bracteata and section Cyanococcus of Vaccinium and obtaining intersectional hybrid plants. These hybrids could be useful breeding materials for producing new cultivars with high sugar content, abundant phytochemicals, and extensive environmental adaptability as well as late flowering and ripening. Further investigations, including studies of the meiotic chromosome behavior, female fertility, fruit characteristics, and growth of their own roots, are necessary. Moreover, selection of the hybrid from remaining evergreen seedlings is necessary to expand the gene pool for our breeding program. Seed parents of JM1, JM3, and JM4 were VB4x-1, whereas VB4x-2 was used as a seed parent for JM5. y Well-filled and evenly stained pollen grains/total pollen grains examined · 100.
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